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Recovery of fibrous fractions from wine industry 
by-products and their use in baked goods 
The PhD project will 
be divided into the 
following activities 
(Table 1) 




2. PhD Thesis Objective and Milestones 










The" dried" products" obtained" will" be" ﬁnely" milled." Chemical" composi0on," water"
binding" capacity," emulsifying" proper0es," emulsion" stability," color," an0oxidant"
contents," an0oxidant" ac0vity" and" other" proper0es"will" be" evaluated." The" eﬀects" of"





Table 1. Gantt diagram 
3.References 
Figure 1. Barbera (a) and Chardonnay (b) grape skins, and related milled 
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PhD Workshop 2013 
XVIII Workshop on the Developments in the Italian PhD Research on Food Science Technology and Biotechnology 
September 25-27, Conegliano 
Veronica Bono (veronica.bono@unimi.it) 
Tutor: Dott.ssa Manuela Mariotti; Co-Tutor: Prof.ssa Mara Lucisano 
DeFENS - Department of Food, Environmental and Nutritional Sciences, University of Milan, Italy Introduction  
In recent decades, for economics as well as environmental reasons, there has been a continuous and growing emphasis on recovering, recycling and 
upgrading food wastes (Garau et al., 2007). Among others, one reason is the presence of natural bioactive compounds, such as dietary fibre (DF) and 
antioxidants, which could be of high value in the pharmaceutical, cosmetic and food industries (Femenia, 2007). The intake of these substances, in fact, 
has been related to important nutritional and health benefits. Thus, the importance of an adequate consumption of DF in our daily diet has promoted 
the development of fibre-rich products with added nutritional value. In particular, a growing interest has been observed in the exploitation of the 
residues generated by the wine-industry. This research aimed to investigate the potential use of grape-skins deriving from the wine-industry, as a source 
of dietary fibre and polyphenols in breadmaking. In particular, two grape (Vitis vinifera L.) varieties were considered: Barbera (red wine) and Chardonnay 
(white wine). Bread represents an interesting model system for studying the rheological, macro- and micro-structural effects of fiber fortification on a 
food matrix, and it also characterized by a worldwide consumption. It could thus represent a potential vehicle for important amounts of fiber and 
antioxidants.  Materials and Methods  
Results and Discussion 
Farinographic test: during mixing the replacement of WF with 10% of GS powders was associated with an increase in the 
farinographic water absorption values, mainly due to the high fiber content of the powders; at the same time, this 
supplementation was not associated with a severe deterioration of the technological characteristics of the wheat flour. 
Rheofermentographic test: during leavening the presence of GS powder determined a lower development of the 
dough during proofing and a earlier time of dough porosity appearance, as expected. Indications on short-term 














































































When the temperature exceeded 60°C, the 
viscosity of the systems increased rapidly and to a 
greater extent in the presence of GS powders   
(Fig. 1). Therefore, their constituents seem to be 
able to act in a synergistic way with the swelling of 
WF starch granules.  
Bread characteristics: Breads were characterized both just after the production and during 
storage for 48h at controlled conditions (25°C, 60% RH). The effects of GS powders 
supplementation were positive and encouraging  in spite of the high GS powders 
supplementation adopted (10%, flour basis). In particular, the specific volumes of the 
composite breads (2.46-2.87mL/g vs. 3.65±0.25mL/g for 100% WF bread)(Fig. 2, Fig. 3) and the 
crumb hardness of the fresh products (0.32-0.80N vs. 1.01±0.24N for 100% WF bread, at 25% 
deformation level) are here underlined. The greater crumb softness exhibited by the fresh 
products was maintained during the whole investigated storage period (Fig. 4, Fig. 5). 
(a) (b) (c) 
Positive and encouraging results were 
obtained, highlighting the potential use of 
wine industry grape skins (in which large 
amounts of dietary fiber and antioxidants are 
present) for the production of innovative and 















































Height (cm) Specific Volume (mL/g) Weight (g)
Fig. 3. Breads weight, height and specific volume 
Fig. 4. Crumb moisture variations during storage Fig. 5. Crumb hardness increase during storage 
References.  Femenia A (2007). High-value co-products from plant foods: cosmetics and pharmaceuticals. In K. 
Waldron (Ed.), Handbook of waste mangement and coproduct recovery in food processing, Vol.1 (pp. 470-501). 
Cambridge: Woodhead Publishing Limited. Garau MC, Simal S, Rosselló C, Femenia A (2007). Effect of air-drying 
temperature on physico-chemical properties of dietary fibre and antioxidant capacity of orange (Citrus 
aurantium v. Canoneta) by-products. Food Chem. 104:1014-1024. 
Fig. 2 Images of bread obtained from (a) 100 WF, (b) 90 WF – 10 BaL, (c) 90 WF – 10ChL.  
The use of fibrous fractions from grape skins in breadmaking 
Variables  Ch_L     Ch_M Ch_S Ba_L Ba_M  Ba_S 
Moisture (g/100g)  6.2a ± 0.1 6.4a ± 0.1 6.4a ± 0.3 4.3b ± 0.2 3.6a ± 0.1 3.4a ± 0.2 
Fat (g/100 g d.b.) 4.2a ± 0.2 5.9b ± 0.3 7.3c ± 0.2 4.1a ± 0.2 6.8b ± 0.2 7.7c ± 0.3 
Protein (g/100g d.b.) 9.8a ± 0.4 10.4ab ± 0.1 11.0b ± 1.0 8.2a ± 0.5 9.6b ± 0.3 9.1b ± 0.1 
Total dietary fiber (g/100g d.b.) 51.7a ± 2.0 54.4a ± 0.5 51.8a ± 4.1 57.5a ± 3.4 54.1a ± 3.4 54.8a ± 1.6 
     Insoluble dietary fiber (IDF) (g/100g d.b.)   44.0a ± 2.2 44.9a ± 0.3 42.8a ± 3.1 53.8 c± 4.1 41.8b ± 1.2 36.1a ± 3.1 
     Soluble dietary fiber (SDF) (g/100g d.b.)   7.7a ± 0.5 9.4b ± 0.6 9.2b ± 1.0 6.5a ± 1.0 12.9b ± 2.8 20.2c ± 2.3 
Ash (g/100g d.b.) 3.5a ± 0.2 4.3a ± 0.2 5.1b ± 0.2 3.7a ± 0.4 6.9b ± 0.3 8.9c ± 0.1 
Water binding capacity (g H2O/g d.b.) 2.9a ± 0.1 3.3a ± 0.3 2.9a ± 0.1 2.7a ± 0.1 2.6a ± 0.2 2.2a ± 0.1 















































t0 t1 t2 
Tab. 1. Wheat flour and grape skins (GS) powders composition 
Interesting differences were evidenced both between the two varieties and, within the same variety, among the various GS powders.  
6 MIXTURES 
(10% integration level) 
+  
1 CONTROL (WF) 
Raw Materials 
7 BREAD DOUGHs 
from the following mixtures:  
90WF-10ChL; 90WF-10ChM; 90WF-10ChS;  
90WF-10BaL; 90WF-10BaM; 90WF-10BaS;  
and from 100WF 
7 BREADS 
Raw materials characterization: 
colour; moisture; protein; ash; fat; 
water binding capacity; soluble and 
insoluble dietary fibre; polyphenols; 
antioxidant activity 
Mixtures and doughs evaluation: 
viscoamylographic test (Brabender® 
MVA); farinographic test (Brabender® 
Farinograph); rheofermentographic test 
(Chopin® Rheofermentometer) 
Bread characterization: baking losses, 
weight, height, specific volume, crust and 
crumb colour, crumb holes geometrical 
features, liking test (on fresh breads); 
weight, moisture, aw, crumb softness 
(during storage) 
Grape Skins (GS) 
Milled GS
 (controlled conditions) 
- 3 fibrous fractions* from Chardonnay (ChL, ChM, ChS) 
- 3 fibrous fractions* from Barbera (BaL, BaM, BaS) 
- wheat flour (WF) 
SAMPLES 
 *powders particle sizes (mm): 0.250dlarge (L)<0.500; 0.125dmedium (M)<0.250; small (S)<0.125 
Dried GS 
(60⁰C)(aW≤0.3) 
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Winemaking process generates a substantial volume of solid by-products which are produced in a limited period of the year and have some pollutant characteristics that
complicate their management. Wine grape pomace (WGP) is primarily composed of seeds, skins and stems, and is commonly used for the extraction of grape seed oil
(Mattick & Rice, 1976), and the production of citric acid, methanol, ethanol, and xanthan via fermentation (Couto & Sanromán, 2005; Hang, Lee & Woodams, 1986. The
large amounts of WGP available at relatively low cost provide an opportunity for value-added product development through innovative technologies (Deng et al., 2011 ). It
must be considered that winemaking by-products composition is greatly influenced by grape cultivars, growing conditions and vinification processes. Besides, in order to
be realistically implemented on industrial scale, recovered products need to have standardized characteristics in order to become successful market products (Rice-Evans
et al. 1997; Vermerris & Nicholson, 2006; Shrikhande, 2000). For this reason and due to the large variability, the evaluation of wine by-products composition is a growing
need which calls for fast and non-destructive methods providing real-time information, in order to assure an effective control at all stages of the process to obtain high-
quality and standardised products.
Veronica Bono, Ernestina Casiraghi, Gabriella Giovanelli 
DeFENS - Department of Food, Environmental and Nutritional Sciences, University of Milan,



















The objective of this work was to apply NIR spectroscopy combined with multivariate statistical methods, and establish correlations between
composition of exhausted grape skins and their NIR spectral data, in order to provide predictive models for compositional evaluation. This technique





from northern Italy regions 
(Piemonte-Lombardia-
Trentino) 
(60϶C, AWч0.3) by sieve 
(1 mm mesh)
METHODS
by Folin-Ciocalteu (Singleton 
and Rossi, 1965)




(Benzie et al., 1996)
The spectra were collected using a 
equipped with an 
integrative sphere, working in diffuse 
reflectance. 
- wavenumbers:
12000 - 3600 cm-1
- resolution: 8 cm-1
- background: 128 scans
- samples: 128 scans
(analysis repeated twice)
RESULTS AND DISCUSSION
Table1. Chemical composition of grapeskin powders(n= 55)
CONCLUSION BIBLIOGRAPHY










Mean value 93.7 5.9 0.57 8.5 35.8
SD 1.8 1.52 0.59 2.00 10.3
Min 89.9 2.59 0.03 3.67 16.6
Max 96.3 9.86 3.05 12.97 57.0
(Waring Blender)
Each parameter varies in a wide range of values, as evidenced 
by minimum and maximum values




R2cal RMSEC R2cv RMSECV
Dry matter
(g/100g) 53.79-56.11 SNV-d
1 7 0.960 0.544 0.860 1.022
Total Phenolics
(GAE g/100g) 1.21-3.59 SNV-d1 7 0.992 0.026 0.871 0.103
Anthocyanins 
(MALE g/100g) 0.39-0.45 SNV-d1 7 0.982 0.012 0.919 0.027
Procyanidins
(CYAE g/100g) 1.40-5.07 SNV-d1 7 0.952 0.219 0.825 0.425
Antioxidant activity
(TE mmol/100g) 7.41-22.38 SNV-d1 7 0.983 0.608 0.899 1.586
Figure 2. Regression models (PLS) obtained by 
FT-NIR spectroscopy on grape marks
Table 2. Regression models obtained by FT-NIR spectroscopy on raw grape marks (n =  55)
(Selection of wavelengths by 
standardization of Loading Plot )
(UnscramblerX v10.2,
CAMO PROCESS AS, Norway)
The PLS models were performed, after variable 
selection (Todeschini et al., 1998), in two 
regions: 7270 - 6676 and 5446- 4022 cm-1 . 
Spectra were standardized (Figure 1) and data 
were pretreated before performing PLS models.
Figure 1. Loading plot before and after standardization
In general terms, good calibration models were obtained, 
indicating that spectral profiles in the NIR region are well 
correlated with the analytical parameters related to the 
antioxidant content of the products. 
Statistical parameters (table 2) show the good 
performance of FT-NIR spectroscopy in predicting 
total polyphenols, proanthocyanidins, antioxidant 
activity and total solids on raw pomace. 
The results obtained confirm that NIR spectroscopy is a valid tool to evaluate 
quality parameters of red grape marcs in a non-destructive and rapid way. 
Good PLS regression models have been obtained to quantify parameters related to 
the antioxidant activity of wine marcs (total polyphenols, total anthocyanins, 
proanthocyanidins and antioxidant activity). 
The technique is directly applicable, in a simple and non-destructive way, to raw 
by-products of the wine-making process, allowing wine by-products valorization. 
To strengthen the validity of these models, it is necessary to improve them with a 
higher number of marc samples.
Amendola D., De Faveri D.M., Spigno G., (2010). Grape marc phenolics: extraction kinetics, quality and stability of extracts, 
Journal of Food Engineering, 97: 384–392; Bate-Smith E. C., 1975. Phytochemistry of proanthocyanidins, Phytochemistry, 14: 
1107-1113; Benzie I.F.F., Strain J.J., (1996). Ferric reducing ability of plasma (FRAP) as a measure as antioxidant power. The FRAP 
assay, Analytical Biochemistry, 239: 70-76; Couto, S.R., Sanromán, M.A. (2005). Application of solid-state fermentation to food 
industry — A review. Journal of Food Engineering, 76, 291–302; Deng, Q., Penner, M.H., Zhao, Y., (2011). Chemical composition of 
dietary fiber and polyphenols of five different varieties of wine grape pomace skins. Food Research International, 44, 2712-2720.
Glories Y.,Augustin M., (1990). Coefficient of passage of anthocyanins and tannins fromgrape to wine, Symposium International 
d'Oenologie, 15-17 Juin, Bordeaux, France; Hang, Y.D., Lee, C.Y., Woodams, E.E. (1986). Solid-state fermentation of grape pomace
for ethanol production. Biotechnology Letters, 8, 53–56; Mattick, L.R., Rice, A.C., (1976). Fatty acid composition of grape seed oil 
from native American and hybrid grape varieties. Journal of American Enology and Viticulture, 27, 88–90; Rice-Evans, C. Miller, 
N., Paganga, G., (1997) Antioxidant properties of phenolic compounds. Trends Plant Science. 2, 152-159; Shrikhande, A.J. (2000) 
Wine by-products with health benefits. Food Research international. Int. 33, 469-474; Singleton V.L., Rossi, J.A., (1965). 
Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid reagents, American Journal of Enology and 
Viticulture, 16: 144-158; Todeschini, R., (1998). Introduzione alla Chemiometria: strategie, metodi e algoritmi per l’analisi e il
modellamento di dati chimici, farmacologici e ambientali. Edises, Napoli; Vermerris, W.,  Nicholson, R., (2006) Phenolic 
Compounds Biochemistry. Springer Edition.
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DeFENS (Department of Food, Environmental and Nutritional Sciences; Food Systems Science and Technology Division)
Università degli Studi di Milano, Via G. Celoria 2, 20133 Milan, Italy; veronica.bono@unimi.it; manuela.mariotti@unimi.it
Introduction Grape (Vitis vinifera) is one of the world’s largest fruit crops, with an approximate annual production of 58 million metric tons (FAO, 2001). Grape pomace consistsmainly of skins and seeds, and accounts for about 20% of the weight of the grape processed into wine. Grape skins and seeds are increasingly being used to obtain
functional food ingredients, such as natural antioxidants and dietary supplements (Bagchi et al., 2000; Girard and Mazza, 1998; Saura-Calixto and Larrauri, 1999;
Shrikhande, 2000). The major constituents of grape pomace, skins and seeds, in fact, is characterized by high polyphenolic and dietary fibre (DF) contents (Bravo
and Saura-Calixto, 1998; Valiente et al., 1995) and the large amounts of grape pomace available at a relatively low cost is an interesting opportunity for the
development of value-added products through innovative technologies.
To this regard, bread represents an interesting model system for studying the rheological, macro- and micro-structural effects of fiber fortification on a food matrix
(Mariotti et al., 2006). One of the main directions in the cereal sector, in fact, is the use of wheat flour or flours deriving from other cereals with various ‘healthy
ingredients’ in order to originate finished products having and improved nutritional quality. The development of foods having an optimal composition in terms of












from two northern italian cultivars 
and (60϶C)(aWч0.3) (controlled conditions)
- 3 fibrous fractions* from (ChL, ChM, ChS)






from the following mixtures: 
90WF-10ChL; 90WF-10ChM; 90WF-10ChS; 
90WF-10BaL; 90WF-10BaM; 90WF-10BaS; 
and from 100WF
*powders particle sizes (mm): 0.250dlarge (L)<0.500; 0.125dmedium (M)<0.250; small (S)<0.125
Raw materials characterization: colour; moisture; protein; ash; fat; water 
binding capacity; soluble and insoluble dietary fibre; polyphenols; 
antioxidant activity
Mixtures and doughs evaluation: viscoamylographic test (Brabender®
MVA); farinographic test (Brabender® Farinograph); rheofermentographic
test (Chopin® Rheofermentometer)
Bread characterization: baking losses, weight, height, specific volume, 
crust and crumb colour, crumb holes geometrical features, liking test (on 
fresh breads); weight, moisture, aw, crumb softness (during storage)
WF BaL BaM BaS ChL ChM ChS
Moisture (%) 14.28 ± 0.02 4.27 ± 0.24 3.64 ± 0.13 3.44 ± 0.21 6.20 ± 0.09 6.37 ± 0.07 6.44 ± 0.27
Protein (%db) 14.70 ± 0.18 8.23 ± 0.50 9.61 ± 0.31 9.13 ± 0.10 9.77 ± 0.39 10.41 ± 0.14 11.04 ± 0.95
Ash (%db) 0.63 ± 0.01 3.74 ± 0.35 6.92 ± 0.28 8.97 ± 0.03 3.52 ± 0.24 4.33 ± 0.23 5.10 ± 0.22
Fat (%db) 1.36 ± 0.08 4.07 ± 0.16 6.78 ± 0.21 7.71 ± 0.29 4.22 ± 0.21 5.89 ± 0.28 7.32 ± 0.21
WBC (gH2O/g db) 0.90 ± 0.01 2.69 ± 0.07 2.60 ± 0.15 2.23 ± 0.05 2.95 ± 0.09 3.28 ± 0.31 2.89 ± 0.05
Soluble dietary fiber (g/100g db) 6.5 ± 1 12.9 ± 2.8 20.2 ± 2.3 7.7 ± 0.5 9.4 ± 0.6 9.2 ± 1.1
Insoluble dietary fiber (g/100g db) 53.8 ± 4 41.8 ± 1.2 36.1 ± 3.0 44.0 ± 2.2 44.9 ± 0.3 42.8 ± 3.1
Table 1. Wheat flour and grape skins (GS) powders composition
Fig. 1. Viscoamylographic profiles of the mixtures 














































































the viscosity of 
the systems 
increased 
rapidly and to a 
greater extent 
in the presence 




seem to be able 
to act in a 
synergistic way
with the 
swelling of WF 
starch granules. 
Dough behavior during mixing: the replacement of WF with 10% of GS powders was associated with an increase in the
farinographic water absorption values, mainly due to the high fiber content of the powders; at the same time, this
supplementationwas not associated with a severe deterioration of the technological characteristicsof the wheat flour.
Dough behavior during leavening: the presence of GS powder determined a lower development of the dough during
proofing and a earlier time of dough porosity appearance, as expected. Indications on short-term fermentation times
were obtained, in order to avoid both a breakdown of dough structure and an excessive CO2 release.
Figure 2. Images of breads obtained from (a) 100WF, (b) 90WF-10BaL, and (c) 90WF-10ChL
Bread properties: the final breads were characterized both just after the production
and during storage for 48h at controlled conditions (25°C, 60% RH). Positive and
encouraging results were obtained, in spite of the high GS powders
supplementation level adopted. In particular, the specific volumes of the
composite breads (2.46-2.87mL/g vs. 3.65±0.25mL/g for 100% WF bread)(Fig. 2, Fig.
3) and the crumb hardness of the fresh products (0.32-0.80N vs. 1.01±0.24N for
100% WF bread, at 25% deformation level) are here underlined. The greater crumb
softness exhibited by the fresh products was maintained during the whole
investigated storage period (Fig. 4, Fig. 5).
The interesting technological properties exhibited by the wheat breads enriched
with the various GS powders are going to be completed with the evaluation of their
retained antioxidant activity and total polyphenol content.
(a) (b) (c) REFERENCES. Bagchi, D., Bagchi, M., Stohs, S. J., Das, D. K., Ray, S. D., Kuszynski, C. A. (2000). Free radicals and grape seed proanthocyanidin extract: importance in 
human health and disease prevention. Toxicology, 148, 187–197. Bravo, L., Saura-Calixto, F. (1998). Characterization of dietary fiber and the in vitro indigestible fraction of 
grape pomace. American Journal of Enology and Viticulture, 49, 135-141. FAO (2001). Statistical databases (electronic resource). Roma: FAO. Girard, B., Mazza, G. (1998). 
Functional grape and citrus products. In: G. Gazza (Ed.), Functional foods (pp. 139–154). PA, USA: Technomic Publishing. Mariotti, M., Lucisano, M., Pagani, M.A. (2006). 
Development of a baking procedure for the production of oat-supplemented wheat bread. International Journal of Food Science and Technology, 41: 151-157; Saura-Calixto, 
F.D., Larrauri, J.A. (1999). Antioxidant dietetic fiber from grape byproducts. PCT International Applied, 14 pp. PIXXD2 WO 9925209 A1 19990527. Application: WO 98-ES305 
19981111. Shrikhande, A. J. (2000). Wine by-products with health benefits. Food Research International, 33, 469-474. Valiente, C., Arrigoni, E., Esteban, R. M., Amado, R. 
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Fig. 5. Crumb hardness increase
during storage
(storage conditions: 
paper bags; 25°C, 60%RH; 
t0=after baking; t1=24h; t2=48h)  
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(Oryza sativa L.) a diverse
condizioni irrigue ha
permesso lo sviluppo di
metodi di coltivazione a
diversa intensità dell’uso
di acqua (Bouman et al.,
2001). Le diverse condizioni di irrigazione,
tuttavia, potrebbero non solo influenzare lo
stato nutrizionale della pianta ma anche le
caratteristiche compositive della cariosside
(rapporto amilosio/amilopectina, quantità di
amido, profilo di gelatinizzazione) e, di
conseguenza, il comportamento in cottura del
riso lavorato (Ahmad et al., 2009; Cheng et
al., 2003).
L’obbiettivo di questa ricerca è
stato quello di valutare le
eventuali variazioni delle
caratteristiche merceologiche,
chimiche e reologiche dovute
alle diverse tecniche colturali
applicate a differenti varietà di
Oryza sativa L. Lo studio è stato
condotto attraverso l'utilizzo sia
di tecniche tradizionalmente
utilizzate per la caratterizzare
del riso che mediante l’utilizzo
della spettroscopia NIR, come
tecnica rapida e non distruttiva
per la valutazione delle
caratteristiche del riso prima e
dopo cottura.
! Nessuna delle tre condizioni di coltivazione sembra aver influenzato in maniera univoca le caratteristiche
merceologiche, compositive e reologiche delle varietà di riso nei due anni considerati.
! La mancanza di diversità imputabili alle tecniche colturali è stata ben evidenziata anche dalla spettroscopia NIR, in
quanto tale tecnica ha suddiviso i campioni in due gruppi (ciascuno contenenti le quattro varietà), corrispondenti
alle due annate di coltivazione. La spettroscopia NIR, rappresenta quindi una tecnica idonea per la previsione di
alcuni parametri caratterizzanti la qualità del riso, normalmente valutati con metodi lunghi e laboriosi.
Resa globale, resa in chicchi interi e difetti: metodo ENR; Contenuto in Azoto: ISO
20483:2006 // Contenuto in Amilosio: UNI EN ISO 6647-1:2008; Caratteristiche
biometriche: Image analysis, UNI 11106:2004; Pasting properties: Brabender® Micro-
Visco-Amilografo; Tempo di gelatinizzazione: UNI ISO 14864:2004 // Texture: UNI
11301:2008; Aquisizioni FT-NIR in riflettanza diffusa (8 cm-1).
Rese e difetti
Contenuto di azoto e amilosio
I diversi sistemi di coltivazione non hanno
influenzato la resa globale di tutte e quattro le
varietà (Figura 1). La resa a granello intero è
risultata, invece, significativamente (p<0.05) inferiore
nel secondo anno; solo per la varietà Gladio i sistemi di
irrigazione non hanno modificato questo parametro.
I sistemi a ridotto regime idrico, inoltre, sembrano
non aver influenzato la presenza di chicchi
macchiati e gessati, difetti che riducono il valore
merceologico del prodotto (Figura 2). Anche per
le caratteristiche biometriche, non sono state
registrate differenze in funzione della quantità di
acqua somministrata durante la coltivazione.
Figura 1. Resa globale




le varietà è 
significativamente 
(p<0.05) maggiore
nel primo anno. 
Figura 3. Contenuto in azoto (%)
Comportamento in cottura
L’annata di coltivazione non sembra aver influito sul
tempo ottimale di cottura (Figura 5):
La consistenza del chicco dopo 
cottura risulta maggiormente 
influenzata dalla varietà: come 
atteso sulla base del livello di 
amilosio, tali valori sono 
risultati nettamente superiori 
per la varietà Gladio
Figura 5. Tempo di gelatinizzazione (min) Figura 6. Consistenza del chicco dopo cottura (kg/cm2)
Spettroscopia FT - NIR
Figura 7. Spettri grezzi (a) e dopo pretrattamenti (b): taglio spettrale (9083-4223 cm-1), SNV e derivata prima
Spettri grezzi di tutti i campioni di 
granella e spettri dopo trattamento 
di SNV, First Derivative. 
Il range spettrale considerato utile 
per i successivi trattamenti è quello 
compreso tra 9083-4223 cm-1. 
Come atteso, in 
entrambi gli anni di 
coltivazione il tenore 
di amilosio risulta 
maggiore nella 
varietà Gladio. 
Figura 4. Contenuto in amilosio (%)
(b)(a)
Figura 8. Score Plot PCA ottenuta dall’elaborazione degli spettri: (a) PC1+PC2; (b) PC1+PC3
Figura 9. Score Plot PCA ottenuta dall’elaborazione 
degli spettri e degli indici qualitativi considerati
Figura 10. Rette di regressione in calibrazione e cross-validazione tra gli spettri FT-NIR e l’azoto (a), 




Le PCA sono state ricavate sia considerando unicamente 
gli spettri NIR (Figura 8) sia abbinando agli spettri NIR 
alcune variabili (Figura 9): con entrambe le valutazioni è 
stato possibile suddividere i campioni non solo in 
funzione dell’annata di coltivazione, ma anche in 
funzione della varietà, seppur con una minore 
discriminazione. Prendendo in considerazione ogni 
singola varietà, non sono state riscontrate differenze 
tra le tecniche di coltivazione.  
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3 sistemi di coltivazione caratterizzati da un uso via 
via più intenso dell’acqua:
! DRY, sommersione in 3°-4° foglia; 
! IRR, semina interrata e irrigazione turnata;










I profili viscoamilografici del riso non hanno mostrato 
differenze in funzione delle tre condizioni di coltivazione:
le diversità tra i tracciati sono infatti associabili alle 
caratteristiche quantitative e qualitative dell’amido delle 
quattro varietà, strettamente influenzate dal genotipo. 
Figura 2. Grani gessati (a); grani macchiati (b); grani rotti (c)
(c)(b)(a)
solo per le varietà 
Selenio e Baldo tale 
indice risulta maggiore 
nel primo anno, mentre 
non è stato riscontrato 
un trend univoco per 
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